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 اﻟﻤﺴﺘﺨﻠﺺ
و ﻟѧﻪ اهﻤﻴѧﻪ اﻗﺘﺼѧﺎدﻳﺔ آﺒﻴѧﺮﻩ ﻓѧﻲ  واﺳѧﻊ اﻻﻧﺘﺸѧﺎرﻓѧﻲ اﻻﺑﻘﺎر وﺳѧﻴﻼﻣѧﺮض اﻟﺒﺮ
ﻴѧѧﺮا ﺑѧѧﻴﻦ ﻣﻌﻈѧѧﻢ دول اﻟﻌѧѧﺎﻟﻢ ﺧﺎﺻѧѧﺔ ﺑѧѧﻴﻦ اﺑﻘѧѧﺎر اﻟﻠѧѧﺒﻦ وﻣﻌѧѧﺪل اﻧﺘﺸѧѧﺎرﻩ ﻳﺨﺘﻠѧѧﻒ آﺜ 
اﻟѧѧﺪول واﻟﻤﻨѧѧﺎﻃﻖ واﻟﻘﻄﻌѧѧﺎن آﻤѧѧﺎ ان ﻟﻠﻤѧѧﺮض اهﻤﻴѧѧﺔ ﻣѧѧﻦ ﻧﺎﺣﻴѧѧﺔ اﻟﺼѧѧﺤﺔ اﻟﻌﺎﻣѧѧﺔ 
  .ﻓﻲ اﻻﻧﺴﺎن ( اﻟﻤﺎﻟﻄﻴﺔ ) آﻤﺴﺒﺐ ﻟﻠﻤﺮض اﻟﺤﻤﻲ اﻟﻤﺘﻤﻮﺟﺔ
 ﺑﻐѧѧﺮض ﺗﺤﺪﻳѧѧﺪﺠﻨѧѧﻮب آﺮدﻓѧﺎن آѧﺎدﻗﻠﻲ ﺑ  ﻪاﺟﺮﻳѧﺖ اﻟﺪراﺳѧѧﻪ اﻟﺤﺎﻟﻴѧﻪ ﻓѧѧﻲ ﻣﺤﻠﻴѧѧ  
و اﺳѧѧﺘﺨﺪم اﺧﺘﺒѧѧﺎر اﻟﺮوزﺑﻨﻘѧѧﺎل  .ﻼ ﻓѧѧﻲ اﻻﺑﻘѧѧﺎر ﺳѧѧﻴاﻧﺘﺸѧѧﺎر ﻣѧѧﺮض اﻟﺒﺮو  ىﻣﻌѧѧﺪ
ﺧﺘﺒѧѧѧﺎر اﻟѧѧѧﺘﻼزن اﻟﻤﺼѧѧѧﻠﻲ و اﺧﺘﺒѧѧѧﺎر اﻻﻟﻴѧѧѧﺰا ﻻآﺘﺸѧѧѧﺎف اﻻﺟﺴѧѧѧﺎم اﻟﻤﻀѧѧѧﺎدة وا
  .ﻟﻠﺒﺮوﺳﻴﻼ ﻓﻲ ﻋﻴﻨﺎت اﻟﺪم
( ﻣѧﻦ اﻟѧﺬآﻮر  02ﻣﻨﻬѧﺎ ﻣѧﻦ اﻻﻧѧﺎث و  082) ﻋﻴﻨﻪ ﻣﻦ اﻟﺪم، وآﺎﻧﺖ 003ﺟﻤﻌﺖ 
 09) ﻪﻋﻴﻨѧﻪ ﻣѧﻦ ﻗﺮﻳѧﺔ اﻟﺴѧﺮف ﺟﻨѧﻮب اﻟﻤﺤﻠﻴѧ  001 ﻪﻣﻦ ﺛﻼث ﻗѧﺮي ﻓѧﻲ اﻟﻤﺤﻠﻴѧ 
 5اﻧﺎث و 59)ﻪﻴﻔﻪ ﺷﺮق اﻟﻤﺤﻠﻴﻋﻴﻨﻪ ﻣﻦ ﻗﺮﻳﺔ اﺑﻮﺳﺎﻓ 001و (ذآﻮر 01اﻧﺎث  و 
( ذآѧﻮر 5اﻧѧﺎث   59)ﻣﻦ ﻗﺮﻳﺔ اﻟﺒﺮداب ﺷﻤﺎل ﻏﺮب اﻟﻤﺤﻠﻴﻪ ﻪﻋﻴﻨ001و  (ذآﻮر
  .
ﺁوﺿѧѧѧﺤﺖ ﻧﺘﻴﺠѧѧѧﺔ ﻓﺤѧѧѧﺺ ﻋﻴﻨѧѧѧﺎت اﻟﻤﺼѧѧѧﻞ ﺑﻮاﺳѧѧѧﻄﺔ اﺧﺘﺒѧѧѧﺎر اﻟѧѧѧﺮوز ﺑﻨﻘѧѧѧﺎل ان 
ﻟﻠﺒﺮوﺳѧѧﻴﻼ، ﺑﻴﻨﻤѧѧﺎ ﻓﺤﺼѧѧﻬﺎ  ﻩﻣѧѧﻦ اﻟﻌﻴﻨѧѧﺎت ﺑﻬѧѧﺎ اﻵﺟﺴѧѧﺎم اﻟﻤﻀѧѧﺎد %(  626,)08
ﻣѧѧﻦ اﻟﻌﻴﻨѧѧﺎت %(  52, 3)67ﺑﻮاﺳѧѧﻄﺔ اﺧﺘﺒѧѧﺎر اﻟѧѧﺘﻼزن اﻟﻤﺼѧѧﻠﻲ دل ﻋﻠѧѧﻲ ان 
 37وﺑﺎﺳѧﺘﺨﺪام اﺧﺘﺒѧﺎر اﻻﻟﻴѧﺰا ﻏﻴѧﺮ اﻟﻤﺒﺎﺷѧﺮ آﺂﺧﺘﺒѧﺎر ﺗﺎآﻴѧﺪي وﺟѧﺪ ان . اﻳﺠﺎﺑﻴﺔ
  .ﻻﺧﺘﺒﺎر اﻟﺮوز ﺑﻨﻘﺎل اﻳﺠﺎﺑﻴﺔ ﻪﻣﻮﺟﺒ ﻪﻋﻴﻨ 08 ﺟﻤﻠﺔﻣﻦ %( 423,)
اﺗﻀﺢ ان اﺧﺘﺒѧﺎر ( اﻟﺮوزﺑﻨﻘﺎل واﻟﺘﻼزن اﻟﻤﺼﻠﻲ)ﻋﻨﺪ ﻣﻘﺎرﻧﺔ ﻧﺘﺎﺋﺞ  اﻻﺧﺘﺒﺎرﻳﻦ
ﻟﻠﻌﻴﻨﺎت اﻟﻤﻮﺟﺒﻪ ﻓﻲ ﺣѧﻴﻦ % 59ﺼﻠﻲ ﺑﻨﺴﺒﺔ اﻟﺮوزﺑﻨﻘﺎل ﻣﺘﻮاﻓﻖ ﻣﻊ اﻟﺘﻼزن اﻟﻤ
 vx
 
و آﺎﻧѧѧﺖ ﺣﺴﺎﺳѧѧﻴﺔ  %09ان اﻟѧѧﺘﻼزن اﻟﻤﺼѧѧﻠﻲ ﻣﺘﻮاﻓѧѧﻖ ﻣѧѧﻊ اﻟﺮوزﺑﻨﻘѧѧﺎل ﺑﻨﺴѧѧﺒﺔ 
  . %(001) ﻪاﺧﺘﺒﺎر اﻻﻟﻴﺰا ﻋﺎﻟﻴ
ﻋﻴﻨﺎت ﺟﻤﻌﺖ ﻣﻦ اﻟﺴѧﺎﺋﻞ اﻟﻤﻔﺼѧﻠﻲ اﻟﻤﻮﺟѧﻮد ﻓѧﻲ 01ﺗﻢ ﻋﺰل ﻋﺘﺮة واﺣﺪة ﻣﻦ  
  .ﻣﻔﺼﻞ اﻟﺮآﺒﺔ
ﺒﺮوﺳﻴﻼ ﻓﻲ اﻻﺑﻘﺎر ﻓﻲ اﺳﺘﻨﺘﺠﺖ هﺬﻩ اﻟﺪراﺳﺔ ان ﻧﺴﺒﺔ اﻻﺻﺎﺑﻪ ﻋﺎﻟﻴﻪ ﺑﻤﺮض اﻟ
آѧﺎدﻗﻠﻲ و اﻳﻀѧﺎ ﻗѧﺪ ﺁوﺿѧﺤﺖ ان اﺧﺘﺒѧﺎراﻟﺮوز ﺑﻨﻘѧﺎل اآﺜѧﺮ ﺣﺴﺎﺳѧﻴﺔ ﻣѧﻦ  ﻪﻣﺤﻠﻴѧ
آѧﺬﻟﻚ اوﺿѧﺤﺖ اﻟﻨﺘﻴﺠѧﺔ وﺟѧﻮب وﺟѧﻮد ﺳﻴﺎﺳѧﺔ ﻓﻌﺎﻟѧﻪ  . اﺧﺘﺒﺎر اﻟﺘﻼزن اﻟﻤﺼﻠﻲ
  .وﻓﻮرﻳﻪ ﻟﻤﻜﺎﻓﺤﺔ اﻟﻤﺮض
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ABSTRACT 
    Brucellosis in cattle is widespread and of major economic 
importance in most countries of the world, particularly among dairy 
cattle, but the incidence varies considerably between herds, areas 
and countries. Moreover, the disease is also important from the 
viewpoint of public health as the causative agent can cause undulant 
fever in man. 
A serological study of bovine brucellosis was carried out to 
determine the magnitude of spread of the disease in cattle at 
Kadugli locality, South Kordofan State. Rose Bengal Plate test 
(RBPT), Serum agglutination test (SAT) and Indirect Enzyme 
Linked Immunosorbent Assay (I-ELISA) were used for detection of 
Brucella antibodies in serum samples. 
A total of 300 serum samples (280 from females and 20 from 
males) and 10 hygroma aspirates were collected randomly during 
field visits to three villages:  
Elsaraf (90 females and 10 males), Abusafifa (95 females and 5 
males) ,Elberdab (95 females and 5 males). 
Using RBPT, 80 (26.6%) of 300 serum samples were positive and 
were retested using SAT, 76 (25.3%) of 80 serum samples had 
antibody titres ranging from 1:10  to 1:460.  
Using I-ELISA as a confirmatory test, 73(24.3%) of 80 serum 
samples were confirmed positive. When the results of RBPT and 
SAT were compared, RBPT agreed with SAT in 95% of positive 
xvii 
 
samples, while SAT agreed with RBPT in 90%, but I-ELISA was 
highly sensitive (100%). 
A single isolate was obtained from one of the 10 hygromas fluids. 
It is concluded that bovine brucellosis prevalence is high in Kadugli 
Locality and that Rose Bengal Plate test is more sensitive than 
Serum agglutination test. The results justify immediate and 
effective control policy for the control of the disease. 
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INTRODUCTION 
         Brucellosis is an infectious disease caused by bacteria from 
the genus Brucella. It is an infection that affects mainly animals, 
including goats, sheep, camels, pigs, elk, deer, cattle and dogs. 
Humans develop brucellosis when they come in contact with 
contaminated animals or animals products.   
        The genus Brucella   was named after David Bruce, who first 
isolated the organism in 1887 from the spleen of a soldier suffering 
from a disease that was called Malta fever (Nicoletti , 1980 ; Santos 
et al .,2005),and comprises ten species according to the primary 
host. Some of these species can potentially cause human infections, 
resulting   in one of the most important and widespread bacterial 
zoon sis in the world (Santos et al., 2005). 
      The clinical manifestations of the disease in human are 
therefore highly variable; symptoms most commonly described 
include relapsing fever, chills, profuse night sweats, headache, joint 
pains, depression and generalized ache “flue-like disease’’  
      In addition, localized foci of infection may occur in the liver, 
reticuloendothelial system, bones and joints, genitourinary tract, 
central nervous system, eyes, skin, lungs and heart (Young, 2000). 
     The incubation period is generally 10 to 14 days post exposure 
but may range from 5 to more than 35 days, and the onset of 
symptoms may be a cute or insidious(Moryer and Hauser, 1992). 
     Brucellosis in cattle is usually caused by biovars of B. abortus. 
In some countries, where cattle are kept in association with sheep, 
2 
 
or goats, infection can also be caused by B. melitensis. 
Occasionally, B.suis may cause an infection in mammary gland of 
cattle, but it has not been reported to cause abortion (OIE 2003). 
The common signs of the infection are abortion especially in the 
second half of pregnancy (Nicoletti, 1980). Abortion in a herd 
affected by brucellosis takes the form of “abortion storm”.   
The proportion of cows that abort within a herd is variable and 
small percentage of infected cows abort more than once (Enright, 
1990). Most of the infected cows, after aborting once, remain as 
carries (Gonzalez-Guzman and Naulin, 1994).  
     Transmission occurs mainly after abortion of infected cows via 
contaminated fetus, fetal membranes, and uterine secretion (Silva et 
al., 2005).Infection in males may result in either temporary or 
permanent infertility, depending on the intensity of the lesions 
(Eaglesome and Garcia, 1992). Hygromas, usually involving leg 
joints, are a common manifestation of brucellosis in some tropical 
countries and may be the only obvious indicator of infection 
(Dominic et al., 1984). 
       In Sudan the prevalence of cattle brucellosis has been studied 
by many researchers, 23.1% in Khartoum State (Hatim, 2006), 
8.7% in El-Gezira State (Dafalla, 1962), 14.2% and 66.7% in North 
Kordofan (Ibrahim and Habiballa, 1975), 5.7% and 8.7% in Blue 
Nile State (Mustafa and Hassan, 1969), 3%, 1.7% and 1.5% in 
North Sudan (Abdella, 1964), 6.2% (Raga, 2000) and 13.9% (Musa, 
1995) in Darfur States, 5% in Kassala State (El-Ansary et al., 2001) 
and 14.6%, 18% in Southern Sudan States (El-Nasri, 1960).  
3 
 
    South Kordofan State holds a considerable number of animals 
estimated as 6% cattle, 4% sheep, 4% goats, 5% camels and 3% 
equines out of the total livestock population in the country raised 
under nomadic and semi-nomadic system of husbandry according to 
the Directorate of Agricultural Economic, Planning and Statitistics, 
South Kordofan State (2006). Most herders are either agro-
pastoralists or transhumant. In the dry season, livestock move as far 
as the southern region (Northern Bar Elgazal, Unity, and Upper 
Nile States) and in the wet season they move north as far as 
southern parts of North Kordofan State. So that South Kordofan 
State is a refuge for large number of livestock from the neighboring 
States in the dry season for search of pasture and water. This study 
was conducted with the following objectives: 
1- To determine the prevalence of brucellosis among cattle. 
2- To isolate and characterise the causative agent of brucellosis in   
cattle. 
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CHAPTER ONE 
LITERATURE REVIEW 
 1.1 The Genus Brucella 
Brucella   is small, non –motile, non –spore forming, Gram- 
negative, cocco-bacilli or short rods, facultative intracellular 
pathogens. It occurs singly, in pairs (less frequently), short chains 
or small groups. The organism is strictly aerobic and non-
capsulated (Young, 1995). Ten members of the genus are currently 
known; these are  B.melitensis (Hugest ,1893);  B.abortus 
(Schmidt,1901);  B.suis (Huddleson,1929); B.ovis (Buddle,1956);  
B.neotomae (Stoenner and Lackman,1957); B.cains (Carmichael 
and Bruner,1968); B.ceti (Cloeckaert et al.,2001; Foster et al., 
2007);   B.Pinnipedialis (Cloeckaert et al.,2001; Foster et al.,2007);  
B.microti (Hubalek et al., 2007; Scholz et al., 2008) and 
B.inopinata (Scholz et al.,2010). 
1.1.1   Taxonomy of the genus 
         It has been suggested from 16s rRNA gene sequence analysis 
and other biochemical characteristics that Brucella species, 
constitute a monophyletic genus (Moreno et al., 1990). According 
to International Committee on Systematic of Bacteriology 
Subcommittee on the Taxonomy of Brucella (updated 2008), three 
of the ten species of Brucella contain multiple biovars; three 
biovars for B. melitensis, seven biovars for B.abortus and five 
biovars for B.suis.  Differential characteristic of the biovars of 
Brucella species are shown in (Table 1) according to the OIE 
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(2009) and classification of the genus in (Table 2) according to 
Corbel (1990).These species and biovars are defined by their host 
specificity, tolerance to the dyes, basic fuchsine and thionine, CO2 
requirement, rate of urease activity, agglutination with mono-
specific antisera and susceptibility to Brucella Tbilisi phage 
(Wayans et al., 1996).  Therefore, several molecular   genotyping   
methods have been developed and applied to characterise Brucella 
species, indicating that significant DNA polymorphisms occur 
between species, which favor the current multi-species 
classification (Haling et al., 2005).                              
1.1.2    Description of the genus 
Brucella is gram-negative, cocco-bacilli or short rods, 0.5 to 0.7 
nm in diameter and 0.6 to 1.5 nm in length. It is aerobic 
(carboxyphilic), possessing respiratory type of metabolism and has 
a cytochrome based electron transport system with oxygen or 
nitrate as the terminal electron acceptor.  
Many strains require supplementary CO2 for growth especially 
on primary isolation. It is catalase positive, usually oxidase   
positive but negative strains occur, reduces nitrate, produces H2S 
and hydrolyzes urea. Production of   indole, acetyl methyl carbonyl 
and methyl red test and utilization of citrate are negative. It does not 
lyse erythrocytes and does not liquefy gelatin.  
The optimum temperature for growth is 37oC and growth occurs 
between 20-40oC and the optimum pH is 6.6-7.4. Most  strains  
require  complex  media  containing  several  amino acids, such as  
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thiamine, nicotiamide and  magnesium  ions. Some strains may be 
induced to grow on minimal media containing an ammonium salt as 
the sole nitrogen source. Growth is improved by serum or blood, 
but hemin (X-factor) and nicotinamide adenine dinucleotide (NAD: 
V-factor) are not essential (Patrick et al., 2003).  
Acid production does not occur from carbohydrates in 
conventional media, except for B. Neotomae.  Brucella is not truly 
acid fast, but the organisms retain certain dyes including basic 
fuchsin in the presence of dilute acid or alkalis and this has been 
used as the bases of differentiating staining methods (Corbel, 1989). 
These methods are not specific for Brucella , other organisms with 
similar hosts and tissue preference including Chlamydia psittaci and 
Coxiella burnetti show similar staining reactions.  
1.1.3 Growth characteristic 
Colonies on primary isolation on serum dextrose agar (SDA) or 
other clear media are usually 0.5-1.0 nm in diameter, transparent, 
convex with a circular outline and an entire edge. The colonies of 
B.abortus, B.melitensis and B.suis occur in smooth forms, have 
shiny surfaces and appear clear pale yellow (honey like in color) by 
transmitted light. While in reflected light colonies have smooth 
glistening surfaces and appear bluish gray. In contrast, primary 
isolates of B.ovis and B.cains always occur in rough forms. These 
rough colonies are dull, yellowish, opaque and friable (Patrick et 
al., 2003) 
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Table (1) Differential characteristic of biovars .    
    Species Biovar CO2re
quire
ment 
H2S 
production 
        Growth on dyes a   
 
 Agglutination             
in sera b  
Thionine Basic fuchsin A M R 
B.melitensis 1 - - + + - + - 
 2 - - + + + - - 
 3 - - + + + + - 
B.abortus 1 +g + - + + - - 
 2 +g + - - + - - 
 3 +g + + + + - - 
 4 +g + - +c - + - 
 5 - - + + - + - 
 6 - - + + + - - 
 7 + or- + + + - + - 
 9 + or - + + + - + - 
B.suis 1 - + + -d + - - 
 2 - - + - + - - 
 3 - - + + + - - 
 4 - - + -e + + - 
 5 - - - - + - - 
B.neotomae - - + -f - + - - 
B. ovis - + - + -e - - + 
B.canis - - - + -e - - + 
B.ceti - - - + + + -e - 
B.pinnipedialis - + - + + + -e - 
B.microti - - - + + - + - 
 
               Source: OIE (2009) 
              a= dye concentration in serum dextrose medium: 20µg/ml.                            
               b = A= A mono-specific antiserum; M= M mono-specific antiserum;  
                     R=rough Brucella antiserum 
              g= usually positive in primary isolation. 
              c = some basic fuchsine sensitive strains have been isolated. 
              d = some basic fuchsine resistant strains have been isolated. 
              e = negative for most strains. 
             f = Growth at concentration of 10 µg/ml (1:100000 thionine). 
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Table (2) Classification of the genus Brucella. 
Proposed taxonomic 
biovar designation 
Nomen species 
biovar 
Co2 
requirement
H2S 
production 
Growth on media 
containing 
Thionine 
20µg/ml 
Basic 
fuchsine 
20µg/ml 
B.melitensis biovar 
melitensis 
1 B.melitensis 1 - - + + 
 2  2 - - + + 
 3  3 - - + + 
B.melitensis biovar 
abortus 
1 B.abortus 1 (+) + - + 
 2  2 (+) + - - 
 3  3* (+) + + + 
 4  4 (+) + - +** 
 5  5 - - + + 
 6  6* - - + + 
 7  7 - + + + 
B.melitensis biovar 
suis 
1 B.suis 1 - + + -*** 
 2  2 - - + - 
 3  3 - - + + 
 4  4 - - + (-) 
 5  5 - - + - 
B.melitensis biovar 
ovis 
 B.ovis  + - + (+) 
B.melitensis biovar 
canis 
 B.canis  - - + - 
B.melitensis biovar 
neotomae 
 B.neotomae  - + - - 
Source:Corbel(1990) 
*More differentiation of B.abortus biovar 3 and 6 is using thionine at 40µg/ml ; biovar  
3= + and  biovar  6= - 
** Some strains are inhibited by basic fuchsine.                  (+) Most strains positive.   (-) Most 
strains negative 
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1.1.4 Survival mechanisms  
Initial survival and  dissemination of  Brucella  is by 
inhibiting phagolysosomal fusion and  by  the  lipopolysaccharide 
(LPS), which  protects the organism  from complement-mediated  
lyses,  as well as enhancing intracellular survival(Unger et al., 
2003) . 
 Brucella is sensitive to direct sunlight, disinfectants and 
pasteurisation. The organism is readily killed by pasteurization or 
complete exposure to UV or Gamma rays (King, 1951).In dry 
conditions they survive only if embedded in protein. They can 
survive 30 days in urine, 75 days in aborted fetuses and more than 
200 days in uterine exudates (Davies and Casey, 1973).  
1.2   Transmission       
     Transmission of   brucellosis   is primarily by oral route, because 
animals tend to lick aborted fetus and the genital discharges of an 
aborting female (Cunningham, 1977). Consumption of 
contaminated food, raw milk, and occupational contact remain the 
major source of infection for man. Other methods of transmission 
are inhalation, intramammary inoculation, conjunctival exposure, 
and direct contact with abraded and intact skin. Adult  and young 
animals contract infection via ingestion, nasal or conjunctival 
mucosa, and through skin abrasion. Infected placenta and uterine 
discharges constitute the major source of infective material (Newby 
et al., 2003). 
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Wild  carnivores and dogs present special risk to intensively 
managed livestock and their human owners as they scavenge and 
may carry the aborted material to clean areas 
(Nicoletti,1980).Insects could also act as vehicles of infection 
(Corbel,1989). 
Laboratory-acquired  infection or  faulty inoculation during 
vaccination was reported (Pier et al., 2000).Exposure to  Brucella   
organisms  is  also likely  to occur in uterus or when off springs 
born to healthy dams are fed on  colostrums  or milk from infected 
dams(Bercevich et al.,1998).  
1.3 Pathogenesis 
      Pathogenesis of brucellosis depends upon localisation of 
Brucella in lymph nodes, udder and uterus after an initial 
bacteremia (Radostits et al., 2000). In goats, the bacteremia may be 
sufficiently severe to produce a systemic reaction, and blood culture 
may remain positive for a month (Radostits et al., 2000).  
Localisation in the placenta leads to the development of 
placentitis with subsequent abortion. After abortion, uterine 
infection persists for up to 5 months; the mammary gland and 
associated lymph nodes may remain infected for years (Radostits et 
al., 2000).  
The  predilection  that  Brucella  have  for  placenta , fetal 
fluids ,and testes of the bull, ram and  boar  is  attributed  to 
presence of  erythritol  in these sites. This poly-hydric alcohol has 
been shown to stimulate the growth of Brucella. It is not present in 
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the human placenta (Carter ,1986),but  Brucella  has also been 
found in the reproductive tract of animals with no detectable  levels 
of  erythritol (Manthei  and  Deyoe ,1981). 
1.4    Diagnosis of brucellosis  
       Many workers used serological tests for the diagnosis of the 
disease, but definite diagnosis is by isolation of Brucella organisms 
from infected animals and patients. Several methods are used for 
diagnosis and include:  
1.4.1 Culture of samples for the isolation of the causative agent. 
    Isolation of the organism by culture is attempted from the organs 
and lymph nodes of the fetus, the placenta, milk, vaginal 
discharges, uterine exudates and hygroma fluids.  Isolation of the 
organism from udder secretion of cows is conclusive evidence of 
infection (Radostits et al., 2000).  Growth is obtained on most 
commonly used media including: Trypticase soy, with or without 
5% sheep blood, brain heart infusion, chocolate agar, potato agar 
and serum dextrose agar under 10% CO2.  Selective media such as 
Thayar-Martin and Martin-Lewis agars also support the growth of 
most Brucella strains (Patrick et al., 2003). 
1.4.2 Demonstration of Brucella organisms in suspected samples 
by staining with either modified Koster's method (Christofferson 
and Ottosen, 1941) or MZN stain. . Care must be taken as well in 
the interpretation of positive results in the stamp’s method because 
other organisms that cause abortion, like chlamydophila abortus 
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(formerly Chlamydia psittaci) or Coxiella burnetii, are difficult to 
differentiate from Brucella organisms(Corbel ,1973). 
1.4.3 Microscopical identification by immuno-fluorescence.  
Meyer (1966) and Corbel (1973) stated that this method was 
specific and dependable in differentiating between Brucella 
infection and that of Q-fever. 
1.4.4 Guinea pig inoculation. This method is more successful than 
direct culture. Guinea pigs are injected intramuscularly, with fetal 
stomach contents and killed after 4-5 weeks of inoculation, then 
their sera are tested by  the serum agglutination tests (SAT). 
Recovery of  the  organism from the spleen or  positive  SAT at  
1:10 serum  dilution or  over is  taken as  evidence of  infection 
(Alton et al., 1988 and Musa, 1995). 
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2.1    Serological tests: 
       There are two types of serological tests. Sensitive tests and 
these are used for screening, and definitive ones for confirmation of 
infection. Usually more than one type of test is used because there 
is no single test which is both sensitive and specific, has the ability 
to discriminate between vaccinated animals from non vaccinated 
ones and could distinguish between antibodies due to infection from 
those of cross reaction. A combination of growth characteristic, 
serological, bacteriological and molecular methods is usually 
needed. Many serological tests were developed for diagnosis of 
brucellosis using body fluids such as sera, hygroma fluids, milk, 
vaginal mucus, semen, bursa and muscle juices (Beh, 1974). These 
tests are: Rose Bengal Plate test (RBPT), Serum and tube 
agglutination test (SAT or TAT), Complement fixation test (CFT), 
Card test, Plate Agglutination test, Modified SAT, Coomb test, 
Enzyme Linked Immunosorbent Assay (ELISA), Milk ring test 
(MRT), Whey agglutination test and Allergic skin test (AST) 
(Nielsen, 2002). But according to the WHO report, (1992), RBPT, 
MRT, ELISA and CFT are the conventional diagnostic methods 
which should continue in use for brucellosis surveillance until year 
14 
 
2000.But the most  reliable  diagnosis  is based  on  isolation of  
Brucella from clinical  specimens (Alton et al ., 1988) .This  was 
first reported by  Bruce and  co-workers in  1887 when they isolated  
B.melitensis from  military personnel  in Malta(Bruce, 1887 and  
1893), also B.abortus was isolated from aborting cattle by  Bang 
(Bang, 1897). However,  these  procedures  are  not  always  
successful,  time consuming  and  represent  a  risk of  infection  for 
laboratory technicians (Lopez-Merino,1991). 
 2.1.1    Rose Bengal Plate Test (RBPT) 
           This is a simple, rapid test, which detects early infection and 
can be used as an initial screening test. Using the test is estimated to 
vary from 1 to 3% depending on the level of infection and 
vaccination history in the herd.  False positive reactions are due to 
residual antibody activity from vaccination, colostral antibodies in 
calves, cross-reaction with certain bacteria, and laboratory error. 
However, the RBPT is an excellent test for large-scale screening of 
sera. In heavily infected herds the test is most useful.  
In  herds  where  prevalence  of  infection is  low and where  
vaccination  has been  used  this procedure will eliminate too many 
false positive cows. In this situation, the sera positive to the RBPT 
are submitted to more definite confirmatory test such as the 
complement fixation test (Radostits et al., 2000). 
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2.1.2   Serum agglutination test (SAT) 
The test is widely used for diagnosis of human and animal 
brucellosis. The antigen used in the test is the whole cell and the 
antibodies detected are those directed against the surface molecules. 
The SAT has been used with success for many years in surveillance 
and control programme for bovine brucellosis. Its specificity is 
significantly improved with the addition of EDTA to the antigen 
(McMillan et al., 1985). While  the  CFT and  RBPT  mostly 
identify immunoglobulin  G1  isotypic  antibodies, which are 
predominant in the later phase of  brucellosis or in chronic 
brucellosis, SAT   response is detected  in the early  phase of  the 
disease when  immunoglobulin  M  antibodies  are elicited 
(Kolar,1984). Although   the SAT is less specific and less sensitive 
than the CFT and RBPT (Alton et al., 1975), it is still being used in 
several countries as a surveillance method (Herr, 1982). 
2.1.3 Indirect enzyme linked immunosorbent assay (I-ELISA) 
         I-ELISA was first developed by Carlson et al. (1976) for the 
diagnosis of human brucellosis. Since then, a large number of 
variations have been described. However, the most common format 
uses smooth lipopolysaccharide (SLPS) antigen coated passively 
onto a polystyrene matrix. I-ELISA have several advantages over 
the  conventional tests, the main advantage being that the antibodies 
to be  detected reacts with the antigen without  performing a 
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secondary function, such as agglutination, precipitation or 
activation of complement( Nielsen and  Kwok,1995). 
     The OIE approved version of this test uses a purified smooth 
lipopolysaccharide (SLPS) as the antigen, serum diluted 1:50 and  
mouse monoclonal antibodies specific for  bovine IgG1  conjugated 
with horse radish  peroxidase .The same assay format may be used 
for testing milk (Vanzini et al.,2001). I-ELISA assay may also be 
used for detection  of caprine and  ovine antibodies to B. melitensis, 
but it failed to differentiate  vaccine  antibodies resulting from B. 
abortus strain 19 or B. melitensis Rev 1 vaccination from antibodies 
induced by  pathogenic strains (Nielsen  and Gall, 1994).  I-ELISA 
detects antibodies, including IgG1 produced against other bacteria, 
such as Yersinia enterocolitica 0:9 possibly decreasing its 
specificity (Nielsen et al., 1996). 
2.1.4     Competitive ELISA(C-ELISA) 
C- ELISA using a monoclonal antibodies (MAb) specific for 
one of the epitopes of the Brucella spp. O-chain polysaccharide has 
been shown to have higher specificity than the I-ELISA (Nielsen et 
al., 1995). This is accomplished by selecting a MAb that has higher 
affinity than cross reacting antibodies. However, it has been shown 
that the C-ELISA eliminated some, but not all reactions due to 
cross-reacting bacteria (Wayans et al., 1996). C-ELISA is also 
capable of eliminating most reactions due to residual antibodies 
produced in response to vaccination with S19. The choice of MAb 
and its unique specificity and affinity will have a distinct influence 
on diagnostic performance characteristics of the assay, the universal 
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availability of the MAb or the hybridoma must also be considered 
with respect to international acceptance and widespread use (OIE 
2003). 
2.1.5 Milk ring test (MRT)  
MRT is an adaptation of the agglutination test uses 
hematoxylin stained whole cell antigen added to milk (Huber and 
Nicoletti, 1986).  If antibody is present in the milk, it will attach to 
milk fat globules via its Fc portion. These antibodies will 
agglutinate with the antigen and as the fat globules rise in the milk, 
a purple band will appear at the top of the milk. If no antibody is 
present, the band will remain buff-colored.  The test may be applied 
to pools of milk by increasing the amount of milk tested. While this 
is relatively insensitive test, subject to wrong interpretation caused 
by various milk conditions such as mastitis, colostrums and milk at 
the end of the lactating cycle, it is recommended by the OIE as 
screening test for bovine brucellosis (OIE 2000). 
2.1.6 Commonly used tests 
The  commonly  used  tests in diagnosis  are  the RBPT 
(Morgan et al.,1969) and the Buffer Antigen Plate agglutination 
Test (BPAT).The RBPT uses B. abortus  strain 99 (S99) or  strain 
1119-3 (S1119-3) whole cells, stained with  Rose Bengal  while  the  
BPAT  uses B.abortus  strain 1119-3, whole cell stained with 
crystal violet and brilliant green dyes. Both tests are standardized, 
simple to perform, inexpensive and considered suitable for 
screening individual animals (OIE 2000).The MRT is probably the 
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most widely used test for screening and monitoring of brucellosis in 
dairy cattle (Alton et al., 1988) Although the sensitivity of the MRT 
is satisfactory, its specificity has been questioned when prevalence 
is low (Huber and Nicoletti, 1986). 
3.1 Brucellosis in the Sudan 
           Brucellosis in Sudan was first reported from human cases as 
early as 1908 (Haseeb, 1950). B.abortus was first isolated from a 
dairy farm in Khartoum (Bennett, 1943), while B.melitensis was 
isolated from goat’s milk among British residents in the Gezira area 
(Daffalla and khan, 1958). The organism was also isolated from 
camels in Butana area (Agab et al., 1995). Thereafter, many 
investigators reported the disease from different parts of Sudan 
(Daffalla, 1962; Shigidi, 1971; and Musa and Mitchell, 1985). 
In a review of the situation of brucellosis in Sudan, Musa 
(1990) cited prevalence of the disease in man, cattle, camels, sheep, 
goats and equines and concluded that the highest prevalence was 
encountered in intensive farming systems and under nomadic 
conditions. 
4.1 Control and eradication of brucellosis 
        Brucellosis is a serious zoonosis, which is difficult to cure 
because of the capacity of the organism to grow intracellular. It has 
a tremendous effect on economy and exportation, and there are a 
justification to control or eradicate the disease in animals and hence 
in man (Musa, 1995). 
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According to Musa (1995), there are two ways for control and 
prevention of Brucellosis as follows: 
1. Vaccination of exposed herds or animals. 
2. Test and slaughter of exposed herds or animals. 
5.1 Control of brucellosis in the Sudan 
     Musa (1995) recommended that the first step towards control of 
brucellosis is education of all people concerned. These include 
nomads, animal owners, abattoir and butcher-house workers, and 
veterinary staff. The second step is to convince animal owners to 
get rid of infected animals by selling them for slaughter under 
veterinary supervision. In Sudan, to date, no vaccination programs 
are adapted to protect animals against brucellosis. 
6.1 Treatment of brucellosis 
Treatment is unlikely to be undertaken in animals. The use of long-
acting Oxytetracycline at 20 mg/kg body weight intramuscularly at 
3-4 day intervals for 5 treatments in combination with streptomycin 
at 25mg/kg body weight intramuscularly or intravenously daily for 
seven consecutive days was partially successful in the treatment of 
infected cows. The administration of Oxytetracycline concurrently 
with vaccination may reduce the antibody response in cattle (Blood 
and Rodostitis, 1989).Streptomycin, dexycycline and rifampin have 
become the mainstay in antibiotic therapy for brucellosis (Solera et 
al., 1997).The combination of doxycycline plus rifampcin is found 
to be superior to that of doxycycline(Corbel,1997). 
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7.1   Vaccines 
7.1.1   Brucella abortus strain 19 vaccines 
     The S19 vaccine is the most widely used vaccine for the 
prevention of bovine brucellosis (Nicoletti , 1990) and which 
remains the reference vaccine to which any other vaccines are 
compared. It is used as a live vaccine and is normally given to 
female calves aged between 3 and 6 months as a single 
subcutaneous dose of 5-8 x1010 viable organisms. A reduced dose 
of from 3x108 to 3x109 organisms can be administered 
subcutaneously to adult cattle, but some animals will develop 
persistent antibodies titres and may abort and excrete the vaccine 
strain in the milk. Alternatively, it can be administered to cattle of 
any age as either one or two doses of 5-109 viable organisms, given 
by the conjuctival route; this produces protection without persistent 
antibodies response and reduces the risks of abortion and excretion 
in milk when vaccinating adult cattle. B. abortus   S19 vaccine 
induces good immunity to moderate challenge by virulent 
organisms. 
7.1.2     Brucella abortus strain RB51 vaccine 
      This vaccine produced from rifampicin-resistant mutant of B. 
abortus strain 2308 and denominated RB51 (Shuring et al., 1991). 
Strain RB51 turned out to be essentially devoid of the O-chain, its 
roughness being very stable after multiple passages in vitro and in 
vivo. Since 1996, B.abortus strain RB51 has become the official 
vaccine for prevention of brucellosis in cattle in several countries 
(Schering and Corbel, 2002). However there is disagreement in 
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regards to how the efficiency of strain RB51 compares to protection 
induced by S19 in cattle (Stevens, 1995). Each country uses slightly 
different methods to administer the vaccine. In USA, calves are 
vaccinated subcutaneously between the ages of  4 and 12  months  
with 1-3x1010 viable strain RB51 organisms .Vaccination of cattle 
over 12 months of age is carried out only under authorization from 
the state or  Federal Animal Health Officials, and the recommended 
dose is 1-3x1010 viable strain RB51 organism. In other countries, it 
is recommended to vaccinate cattle as calves (4-12 months of age) 
with a 1-3x 10 10  CFU, with revaccination from 12 months of age 
onwards with similar doses to elicit a booster effect and increase 
immunity(Samaritan and Shuring,2002). It has been reported that 
full doses of RB51 when administered intravenously in cattle 
induce severe placentitis and placental infection in most vaccinated 
cattle, and that there is excretion in milk in a relevant number of 
vaccinated animals. Field experience also indicates that it can 
induce abortion in some cases if applied to pregnant cattle. Due to 
these observations, vaccination of pregnant cattle should be 
avoided. One way to reduce the side effects of RB51 is to reduce 
the dose. When using the reduced dose of this vaccine (1x10 9   
colony forming units{CFU}),on late pregnant cattle, no abortions or 
placentitis lesions are produced in subcutaneously vaccinated cattle, 
but the vaccine strain can be shed by a significant proportion of 
vaccinated animals. However, these reduced doses do not protect 
against B.abortus when used on calf hood vaccination, but protect 
when used to vaccinate adult cattle. RB51and S19 vaccines have 
some virulence for humans, and infections may follow accidental 
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inoculation with the vaccine. Care should be taken in its preparation 
and handling, and a hazard warning should be included on the label 
of the final containers. In any case, accidental inoculations should 
be treated with appropriate antibiotics (OIE 2008). 
7.1.3   Brucella melitensis Rev.1 vaccine 
     Rev .1 vaccine is a live, attenuated B.melitensis strain derived 
from a virulent B.melitensis isolate which became dependent on 
streptomycin for its growth, but lost this characteristics, although 
remaining streptomycin resistant, upon further subculture (Elbert 
and  Faunce,1957). It stimulates protection against infection with 
B.melitensis in sheep and goats and also protects rams against 
infection with B.ovis (Alton et al., 1967; Fensterbank et al., 1982 
and Aton, 1985).This vaccine is attenuated when compared with 
field strains but retains some virulence (Aton et al, 1967). 
Depending on the dose administrated during pregnancy, abortion 
will occur with variable frequency (Aton et al., 1975; Blasco et al., 
1987 and Barden stein et al., 2002). Apparently in rams the vaccine 
is virulent or of low virulence (Lanier and Fensterbank.1985). The 
use of Rev .1 in the cattle has been investigated and results indicate 
that it gives better protection than strain 19(Garcia-Carrillo, 1980). 
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                                   CHAPTER TWO 
MATERIAL AND METHODS 
8.1   Source and size of samples 
Samples which were collected for serological and 
bacteriological examination for Brucella organism’s included 300 
cattle sera and 10 hygroma aspirates from the field. 
9.1   Collection of samples 
9. 1.1   Serum samples 
Blood was collected from cattle by veinopuncture of the 
jugular vein using sterile vacutainer tubes. After collection, samples 
were transported in an ice box to the laboratory and then sera were 
separated after clotting. The sera were transferred to sterile plastic 
vials with caps and tested for Brucella antibodies using RBPT. 
Positive samples were kept frozen at -20oC for further serological 
tests. 
9.1.2   Hygroma aspirates 
Hygroma fluids were collected from edematous swellings in 
knee joints in cattle using vacationer tubes with needle holders, and 
sometimes were aspirated by disposable syringe into sterile 
containers. The aspirates were immediately tested for brucellosis 
using RBPT. The positive ones were handled with care, but all the 
aspirates including the negatives were preserved frozen for 
bacteriological culture. 
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10.1   Sterilization 
10.1.1 Sterilization of equipment 
Glassware such as test tubes, pipettes, flasks, Petri plates and 
pestles were sterilized in the hot air oven at 160oC for 60 minutes. 
McCartney, Bijou and universal bottles were sterilized in the 
autoclave at 151b/in2 for 15 minute (121oC), while sterilization of 
forceps, spatulas, scissors and scalpels was performed by flaming 
after dipping in 70% alcohol. 
 10.1.2   Sterilization of culture media 
     Culture media such as Brucella agar base, peptone water, blood 
agar base, urea agar base, nutrient gelatin ,Hugh and Liefson 
medium, citrate medium, methyl red and Vogues- Proskauer media 
(MR and V-P media), nitrate broth, motility media and nutrient agar 
were sterilized in the autoclave at 15Ib/in2 pressure at 121oC for 15 
minutes. 
 10.1.3   Sterilization of solutions 
Normal saline, phenol saline and distilled water were sterilized by 
autoclaving at 115oC for 10 minutes. 
 10.1.4    Sterilization of serum and sugars 
Serum was sterilized by filtration using 0.45 micrometer 
Millipore filter (Oxoid), whereas carbohydrate media were 
sterilized by steaming for 30 minutes on three successive days 
(Tyndalization). 
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11.1    Culture media 
All media were dispensed under aseptic conditions in a 
laminar airflow cabinet. Media were either prepared from the 
original ingredients or obtained in a dehydrated form. 
 11.1.1   Liquid media 
 11.1.2 Nutrient broth (Oxiod Code N6) 
This is a simple medium and contains basic growth factors 
for most bacteria. It was composed of lab-lemco, peptone and 
sodium chloride. The medium was prepared by dissolving 13 grams 
of powder in 1 litre distilled water and sterilized. 
 11. 1.3   Peptone water (Oxoid L37) 
It was prepared according to Barrow and Felltham (1993) by 
dissolving 10 grams peptone and 5 grams of sodium chloride in 1 
litre distilled water and sterilised. This medium was used as a base 
for carbohydrate utilisation tests and for other purposes. 
 11.1.4   Nitrate broth 
The medium was prepared according to Barrow and Feltham 
(1993) by dissolving 1 gram of potassium nitrate in 1 litre of 
nutrient broth, distributed into Bijou bottles in 3 ml, amounts and 
sterilized. 
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 12.1    Solid media 
 12.1.1 Serum dextrose agar (SDA)  
     Preparation of serum 
Sera were separated from clotted blood collected from horses 
through the jugular vein, then tested for Brucella antibodies by 
RBPT. Negative sera were filtered through 0.2µ membrane filter, 
then distributed in sterile MacCarteny bottles or sterile flasks (50 
ml).Sera were tested for sterility by incubation at 37oC for 24 hours, 
and then inactivated in a water bath at 56oC for 30 minutes. 
    Preparation of medium 
The medium was prepared by reconstitution of Brucella 
medium base (Oxoid Code No. Cm 169), which had been sterilised 
as mentioned above. The basal medium was left to cool and then 
sterile horse serum (5-7%) was added for enrichment. The mixture 
was distributed into sterile plates (20 ml) and left to solidify. Slants 
were made by placing 5 ml of medium into sterile McCartney 
bottles and left to solidify in a sloping position. This medium was 
used for the primary isolation of Brucella from uncontaminated 
sources such as synovial fluids and for maintenance of cultures. 
   12.1.2 Farrell’s medium 
It is serum dextrose agar with antibiotics. One vial of 
antibiotics supplement-Brucella (OxoidSR83) was added to 500ml 
basal medium. Horse serum was then added and the medium was 
poured in Petri dishes in 20 ml volumes and allowed to solidify. 
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This medium was used for selective isolation of   Brucella from 
contaminated materials like milk, lymph nodes and vaginal fluids. 
  12.1.3   Nutrient agar slope 
The medium was prepared by addition of 2% agar (Oxoid 
L28) to nutrient broth, then distributed into McCartney bottles in 
5ml.Amounts, sterilized and allowed to set as slopes. 
 12.1.4    Christensen’s medium (Urea medium) 
     It was prepared by dissolving 2.4 grams of urea agar 
base(Oxoid) in  95 ml distilled water, sterilized and cooled to 45 oC 
, then 5ml of  sterile 40% urea solution(Oxoid SR20) were  added  
aseptically. The mixture was distributed in 10 ml   amounts   into 
McCartney bottles and allowed to solidify in slope position. This 
medium was used for the detection of urea splitting organisms. 
13.1   Motility medium 
The medium was composed of tryptose, sodium chloride and 
agar. It was prepared according to the manufacturer’s instructions 
by dissolving 20 grams of the dehydrated powder in 1liter distilled 
water, distributed in 5ml amounts into 10 ml test tubes, covered 
with cotton wool and sterilized. 
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14.1 Reagents 
14.1.1   Tetra methyl-P-phenylene diamine dihydrochloride 
This was obtained from Hopkin and Williams, London. It 
was prepared fresh as 1% aqueous solution and used for oxidase 
test. 
14.1.2   Hydrogen peroxide (H2O2) 
It was obtained from the British Drug House Chemicals 
(BDH) Company, England. It was prepared as 3% aqueous solution 
and used for catalase test. 
14.1.3 Nitrate test reagent 
Nitrate reagent was composed of two solutions. Solution A: 
0.8% sulphanilic acid   in 5 N-acetic acids. It was prepared by 
mixing 0.4 ml of sulphanilic acid in 50 ml of 5 N-acetic acids. 
Solution B: 0.5%   dimethyle-α -naphthylamine in 5 N- acetic acid. 
14.1.4 Kovac’s reagent 
It was composed of 5 grams of P-dimethylamino 
benzaldehyde, 75ml, iso-amyl alcohol and 25 ml concentrated 
hydrochloric acid. The aldehyde was dissolved in the alcohol by 
gentle warming to 56oC. The mixture was stored at 4oC in a dark 
bottle. It was used for detection of indole production. 
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 14.1.5    Filter paper strips for H2S test 
Sheets of filter paper were soaked in 10% lead acetate. The 
saturated papers were then dried in the oven and cut into strips of 
8x50 mm and stored in universal bottles at room temperature 
(Barrow and Felltham, 1993). 
15.1    Solutions 
15.1.1 Normal saline (0.85%) 
It was prepared by dissolving 8.5 grams sodium chloride in 
1litre-distilled water. 
 15.1.2   Phenol saline 
It was prepared by adding 5 grams of phenol aseptically to 1 
litre of sterile normal saline. 
16.1     Culture methods 
16.1.1     Primary isolations (Culture techniques)   
Smear were prepared from sera-positive cattle synovial fluids 
and examined. 
A loop-full was taken from only smear positive synovial 
fluids and streaked onto serum dextrose agar (SDA) plates. 
 16.1.2   Incubation conditions 
      All plates were incubated at 37oC in the presence of 10% CO2 
(microaerophilically) using a candle jar. Plates were examined on 
the third day of incubation and re-examined every other day for 10 
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days for organisms resembling Brucella. Plates showing no growth 
or heavy contamination were discarded after 10 days. 
 16.1.3   Sub culturing of primary isolates 
A typical and well-isolated colony was picked up by the 
means of a wire loop and streaked onto Brucella medium plates 
then incubated. 
 16.1.4 Purification of cultures 
Growth was checked for purity under the microscope by 
examining smears stained by modified Ziehl Nielsen’s stain. 
17.1   Staining methods 
 17.1.1   Preparation of smears 
Smears were done directly from samples or by emulsifying a 
colony on a clean dry glass slide. The smears were allowed to dry in 
air then fixed by gentle flaming. 
 17.1.2 Gram’s stain  
This was done according to Barrow and Felltham (1993). 
When the organisms stained red, this meant the organism was gram 
–negative. 
 17.1.3   Modified Ziehl Nielsen’s stain 
It is a special stain used for staining the bacteria of the genus 
Brucella. 
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The staining procedure was done as follows: 
1.  A smears were fixed by flaming then stained for 10 minutes with 
1:10 carbol fuchsine (1gram basic fuchsine dissolved in 10 ml 
absolute ethanol solution). 
2. Washed with tap water. 
3. Differentiated with 0.5% acetic acid for 30 seconds. 
4. Washed thoroughly with tap water. 
5. Differentiated lightly with 1% methylene blue (20 seconds). 
The Brucella organisms were stained red with blue background. 
18.1   Identification of isolates 
Isolates were identified to the species level according to the 
appearance of the colony, and according to the slide agglutination 
test, Gram’s and modified Ziehl Nielsen’s staining, motility,CO2 
requirement, and biochemical tests, which included, catalase test, 
oxidase test, H2s production, urease production , indole production 
and nitrate reduction. 
  18.1.1     Motility test 
It was determined by the hanging-drop technique Barrow and 
Feltham (1993). A drop of bacteria suspension was placed in the 
centre of a cover slip. The cover slip was inverted over the concave 
area of a cavity slide and examined under the microscope. It was 
also done by inoculation of the organism into semi-solid motility 
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media by means of a wire loop once in a straight line then 
incubated. 
 18.1.2 CO2 requirement 
The isolates were inoculated into two serum dextrose agar 
plates and incubated at 37oC for 2-3 days, one in air and the other  
in under 10% CO2 using a candle jar. Then the plates were observed 
for growth. 
19.1    Biochemical properties 
 19.1.1     Oxidase test  
The test was performed by removing a portion of freshly 
grown culture with a sterile glass rod and rubbed on a strip of filter 
paper, which had been impregnated with 1% solution of oxidase 
reagent. The immediate development of a dark purple colour 
indicated a positive reaction Barrow and Feltham (1993).  
 19.1.2 Catalase test  
Portions of freshly grown culture were prepared; 1 ml of 3% 
hydrogen peroxide solution was added to the culture. Immediate 
production of gas bubbles was considered a positive reaction. 
19.1.3   H2S production  
The organisms were grown on serum dextrose agar (SDA) 
slopes in McCartney bottles and lead acetate paper strips were 
inserted in the bottles without touching the medium then fixed in 
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position by bottle lids. The strips were examined daily for 3 days 
for blackening due to H2S production. 
   
 19.1.4   Urease production 
 A heavy inoculums of organism was seeded onto a slope of 
Christensen’s urea agar medium, incubated at 37oC (in 10% CO2) 
and examined at intervals of 15 minutes, 1 hour and then hourly for 
24 hours.  A positive reaction was indicated by the development of 
a purple pink colour (Barrow and Felltham (1993). 
 19.1.5   Nitrate reduction test 
Organisms were inoculated in nitrate broth. After 5 days of 
incubation, 1 ml of 0.8% sulphanilic acid and 1 ml of 0.5% α- 
naphthylamine in acetic acid (5 mol /L) were added. Immediate 
formation of a red colour indicated a positive reaction. In the 
absence of a red colour, a small amount of zinc powder was added, 
and the test was considered positive if a red colour did not develop 
(the development of red colour indicated that nitrate was not 
reduced i.e. negative). 
 19.1.6    Indole test 
The test was conducted according to Barrow and Feltham 
(1993).  A 5-days old peptone water culture was shaken with 0.5 ml 
of K0vac’s reagent for 1 minute. A positive result was indicated by 
the development of a red colour in the upper layer of the mixture. 
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20.1   Biotyping of the Brucella isolate 
Biotyping of the species was done according to Alton (1988) 
using the following criteria: growth in different concentrations of 
20.1.1   Growth in the presence of dyes 
 Serum dextrose agar plates containing thionine and basic 
fuchsine at appropriate concentrations of (1:25000) to (1:100000) 
respectively, were streaked with a loop-full of a suspension of the 
strain to be tested. Suspensions were made by emulsifying a loop-
full of each culture in 1 ml distilled water. Dye plates which have 
been incubated overnight as a sterility check are quartered, 
permitting four samples to be tested on one plate. One loop-full of 
suspension is used to inoculate each quarter of plate with five 
consecutive streaks without recharging the loop. The loop was 
sterilised between each sample. After drying, the plates are 
incubated for 48 hours under 10% CO2. Normally incubation for 48 
hours was sufficient, but for slow growing strains, it was necessary 
to incubate for up to 4days. 
21.1   Serological tests used for diagnosis of brucellosis  
 21.1.1 Rose Bengal plate test 
The RBPT (Morgen et al., 1978) was done by dispensing 
0.03 ml of each serum to be tested to an enamel plated plate. The 
same amount of RBPT antigen was added to each serum and both 
were mixed together, rocked by hand for 4 minutes after which the 
test was immediately read. Only positive sera were retained for 
further tests.  
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Table (3) Result of brucellosis in cattle in Kadogli Locality                           
species Type of 
samples 
 
No. of 
samples 
RBPT SAT I-ELISA 
 
 
Cattle 
 
Serum 
 
 
300 
+ - + - + - 
80 
(26.6%)
220 
(73.3%)
76 
(25.3%)
224 
(74.3%) 
73 
(24.3%)
227 
(75.6%)
Hygroma 
aspirates 
10 10 - 10 - 10 - 
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Table 4:  Biochemical  properties of the isolate. 
Test Result 
CO2 requirement +ve 
Oxidase +ve 
Catalase +ve 
H2S production +ve 
Urease +ve 
Indole -ve 
Nitrate +ve 
glucose -ve 
M R -ve 
 
+ve= positive. 
-ve= negative. 
The isolate was proved to be B. abortus biovar 6. 
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Table 5:  Biovar identification  of  B.abortus  isolate . 
Test  Reaction of the isolate 
CO2 requirement  + 
H2S production  + 
Urease  + 
Sensitivity to dyes   
Thionine a - 
 b - 
 c - 
Basic fuchsine a + 
 b + 
Agglutination with 
Brucella mono-specific 
antiserum 
A + 
 M - 
Lysis by phages at RTD NT NT 
 
   a    = concentration of 1:25000. 
   b   = concentration of 1:50000. 
   C   = concentration of 1:100000. 
   A   = mono-specific abortus antiserum. 
   M   = mono-specific melitensis antiserum. 
  +ve= positive    -ve = negative      NT=Neel 
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Fig (1) a knee hygroma 
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21.1.2 Serum agglutination test  
Sera positive by RBPT were retested- using SAT. The 
antigen used    for SAT was a standardized concentrated antigen 
supplied by the Central Veterinary Laboratories Agency, 
Weybridge, U.K. The antigen was diluted 1 in 10 using phenol 
saline.  
The serum samples were diluted 1/5 in phenol saline, then as 
two- fold dilutions. An equal volume (0.5ml) of the diluted antigen 
was then added to each tube and the mixture was incubated 
overnight at 37oC and examined visually for any degree of 
agglutination. Five control tubes were included; 1 ml of phenol 
saline was in the first tube (100%), 0.75 ml phenol saline and 0.25 
ml of diluted antigen in the second tube (75%). 0.50 ml phenol 
saline and 0.50ml of diluted antigen in third tube (50%), 0.25 ml 
phenol saline and 0.75 ml diluted antigen in the fourth tube (25%), 
and 1ml of diluted antigen in the last tube (zero%).  
Samples with antibodies level less than 30 international units 
(I.U.) i.e.2/20 were further examined by ELISA or CFT.  
21.1.3 Indirect ELISA Test 
BRUCELISA® (Veterinary Laboratories Agency, New Haw, 
Addles tone, Surrey KT 15 3NB United Kingdom, Version 1.1, 25 
April 2005) 
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21.1.3.1    Preparation of reagents 
 21.1.3.2    Diluting buffer 
       The diluting buffer was prepared by adding 5 tablets of 
phosphate buffered saline (PBS), 0.5 ml phenol red indicator and 
250µl of tween 20 to 500ml distilled water. The pH was in the 
range of 7.2-7.6. The buffer was stored at 4ºC until used in the next 
day. 
 21.1.3.3    Wash solution  
       The wash solution was prepared by adding the contents of the 
ampoule of Na2HPO4 and 1ml of tween 20 to 10 litres of distilled 
water then stored at room temperature until used in the next day. 
21.1.3.4    Substrate buffer 
       Substrate buffer was prepared by dissolving 1tablet of the 
substrate in 120ml of distilled water. The pH was within 3.9-4.4. 
The substrate buffer was stored at 4ºC until used in next day. 
21.1.3.5    Chromogen 
       Chromogen was prepared by dissolving 2 ABTS tablets in 1ml 
sterile distilled water and stored in the dark at 4ºC until used in the 
next day. 
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21.1.3.6    Stop solution 
       Stop solution was prepared by diluting the contents of the 
ampoule of sodium a zide with 500ml of distilled water then stored 
at room temperature until used in the next day. 
21.1.3.7    Controls 
       These were prepared by the reconstitution of the positive and 
negative control samples included in the kit each with 1ml sterile 
distilled water and allowed to stand until an even suspension was 
obtained then stored at 4ºC until used in the next day. 
21.1.3.8    The procedure 
       A primary dilution of 1/40 of all test and control sera was made 
by the addition of 25µl serum to 1ml of diluting buffer. The plate 
was prepared by addition of 80µl of the diluting buffer to all wells. 
A 20µl of each of the primary diluted samples was added to all 
prepared wells. This gave a final dilution of 1/200. Columns 11 and 
12 were left for the serum controls. A 20µl of the primary diluted 
positive control was added to each of the wells in column 11, and 
20µl of the primary diluted negative control was added to each of 
the wells in column 12 except well H12 which was left without 
sample so as to blank the plate. The plate was then covered with the 
lid and incubated at 37ºC for 1 hour. The content was then shaken 
out and the plate was rinsed 5 times with the washing solution and 
then thoroughly dried by tapping the plate on absorbent paper 
towel. The conjugate solution was then prepared by adding the 
content of the ampoule to 11ml of the previously prepared diluting 
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buffer. A 100µl of the conjugate solution was added to all wells. 
The plate was then covered with the lid and incubated at 37ºC for 1 
hour. The content was then shaken out and the plate was rinsed 5 
times with the washing solution and then thoroughly dried by 
tapping the plate on absorbent paper towel. The substrate solution 
was prepared immediately before use by addition of 300µl of ABTS 
(2, 2'-Azinobis {3-ethyl benzo thiazoline-6-sulfonic acid}-
diammonium salt) chromogen to 12ml of substrate buffer plus 60µl 
of the substrate (hydrogen peroxide). Mixed well and a 100µl of it 
was added to all wells. The plate was then left at room temperature 
for 12 minutes. A 100µl of the stopping solution was then added to 
all wells. The plate was then read in the micro tire plate reader at 
405nm blanked on well H12. A positive/negative cut-off was 
calculated as 10% of the mean of the optical density (OD) of the 8 
positive control wells. Any test sample gave an OD equal to or 
above this value was considered being positive. 
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CHAPTER THREE 
RESULTS 
22.1 Clinical observations 
      Ten hygromas were observed and there was a history of 
abortion in some cattle herd’s years ago. 
22.1.2 Smears 
      Only one out of ten hygroma fluids showed red short rods 
resembling brucella organisms when stained with MZN stain. 
22.1.3 Serological findings 
22.1.3.1 Rose Bengal plate test for serum 
    A total of 300 cattle sera were tested with RBPT, 80 (26.6%) 
were positive. 
 22.1.3.2 Rose Bengal plate test for hygroma fluids 
     Hygroma fluids that showed organism resembling Brucella 
when stained with MZN stain reacted strongly positive. 
 22.2 Serum agglutination test 
     Using SAT 76(25.3%) of 80 serum samples by RBPT were 
found positive and had antibodies titres ranged from 1/10 to 1/640.
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 22.3 Indirect ELISA for serum 
     Only samples that positive for RBPT were subjected to I-ELISA 
as confirmatory test, 73 (24.3%) of 80 serum samples were 
confirmed positive and the other 7 sera were negative. No 
differences were observed between naked of eye and microtitre 
plate in the reading process. 
22.3.1 Indirect ELISA for hygroma fluids 
Both hygroma fluids were found positive for I-ELISA (Table 3). 
22.4    Bacteriological findings 
22.4.1 Isolation and identification of isolate. 
    A single isolate was obtained from one of 10 hygromas fluids. 
The isolate was grown in presence or absence of CO2 and on media 
with or without serum. It was non- motile, Gram-negative, cocco-
bacilli. The M Z N stain appeared as a red cocco-bacillus without 
bipolar staining. The organism was agglutinated with the mono-
specific antiserum A and not M. 
     Biotyping was done on the basis of combination of specific 
characteristics, which include CO2 requirement, H2S production, 
serological specificity, and sensitivity to dyes (Table 4) 
     The isolate was identified as B.abortus biovar 6. It was H2S and 
urease positive and grew in the presence of basic fuchsine at 
concentrations of 1:50000 and 1:100000 but not in the presence of 
thionine at concentrations of   1:25000 and 1:50000 (Table 5). 
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CHAPTER FOUR 
DISCUSSION 
       Brucellosis is a well known true zoonosis , acquired from 
handling of infected animals or consuming contaminated milk or 
milk products. It spreads in many states in the Sudan (Dafalla, 
1962; Abdalla, 1964; Ibrahim and habiballa, 1975; Khalid, 2006). 
      Detection of Brucella antibodies in cattle at Kadugli locality by 
Rose Bengal test, Serum agglutination test and I-ELISA was the 
objective of this study. 
 Serum samples were collected from 300 cattle during field visits to 
three villages, 280 of them were females. 
Detect ability of Brucella antibodies by RBPT was 26.6% by SAT 
25.3% and by I-ELISA 24.3%. 
     In this study, the prevalence of brucellosis in kadugli locality 
were found to be 24.3% based on I-ELISA as a confirmatory test 
after screening using RBPT, this comparatively high rate of the 
disease and might be attributed to the following reasons: 
1-Uncontrolled border crossing by the animal owner in search for 
feed and water results in contamination of the environment and 
transmission of the organism between animals. 
2-Exitence of brucellosis in country for a long time coupled with 
lack of control measures especially in the traditional sector which 
maintains the vast majority of Sudan’s animal health had resulted in 
a widespread of the disease. 
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3- South Kordofan state is considered to be a point of cross-
transition of nomads from different parts of the Border States which 
facilitate the spread of the disease between animals. 
      In this study, Brucella  abortus strains was isolated were 
identified as B.abortus biovar 6. This finding agreed with the results 
obtained by Musa (1995) who identified and biotyped his isolates 
from Darfur States as B.abortus biovar 6 and he suggested that, this 
biovar was the major cause of cattle brucellosis in Sudan. 
     Isolate in the present study were obtained from cattle with 
hygromas and had high antibodies titres.  Hygroma fluids were 
found to be good source for isolation of Brucella organisms. This 
agreed with the observation of Domenic et al. (1984) who found 
that 60% of Brucella strains isolated from cattle were from 
hygromas. 
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Conclusion and recommendation 
 Conclusion 
   The study concluded that Kadugli locality should be considered as 
endemic with bovine brucellosis.  
   Reaction due to vaccines titres was excluded because there was 
no clear and documented history of previous vaccination in the 
States. 
Recommendation 
• Due to the high rate of Brucella antibodies detected in 
this study, it is recommended to vaccinate cattle against 
brucellosis. 
• The risk of human infection by milk- borne brucellosis is 
high with unpasteurized milk and the public health 
regulations strongly discourage this. Thus it is 
recommended to encourage both public and private 
sectors to invest in milk pasteurization which is an easy 
and simple enterprise, so that only pasteurized milk is 
legal to be sold. 
• Veterinary and public health services are addressed to 
inform people who are in direct contact with animals and 
their products with all precautions need to be taken to 
avoid the infection. 
• Due to the nature of this research, the number of samples 
examined was less than representative one and hence the 
result obtained may not reflect the true prevalence of the 
disease. So further studies that cover the whole state, 
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taking statistically representative number of samples 
according to this preliminary detection rate, are 
recommended. 
•   Studies to detect Brucella antigen in milk samples using 
specific   monoclonal antibodies in the ELISA format 
system so as to determine the extent of the risk in human 
infection, are recommended too. 
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